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Static Charge Removal with IPA Solution 
Tadahiro Ohmi, Seiji Sudoh, and Hiroyuki Mishima 
Abstract-Due to the an increase in pattern densities and wafer 
diameters, it is extremely difficult for wet chemical processing to 
perform complete cleaning, rinsing and drying for highly rugged 
surface of very fine pattern ULSI devices. IPA Vapor Drying is 
a widely used drying method in semiconductor manufacturing. 
As IPA has low surface tension and very high solubility to 
water, it is suitable for IPA vapor process to perfectly eliminate 
contamination of the wafer surface. This drying system also has 
an ability to eliminate static charge and can essentially achieve 
the high quality of the surface cleanliness. 
Therefore, the mechanism of static charge removal was studied 
using a quantitative method for the direct measurement of static 
charge. 
I. INTRODUCTION 
CCOMPANYING an increase in pattern densities and A wafer diameters, the need to realize perfectly controlled 
semiconductor manufacturing environments is necessary to 
insure device reliability. Achieving a clean manufacturing 
environment involves several controllable factors, one of the 
most important of which is static charge. 
Electrostatic discharge causes device destruction through 
insulation failure and circuit disconnection. This electrostatic 
discharge occurs when a charged object comes into contact 
with or into close proximity ta a device surface. In addition, 
static charge causes the problem of floating particle adhesion 
[I], [2]. Polymeric materials commonly used to make wafer 
carriers are natural insulators and easily develop high static 
charges due to the triboelectric phenomena. This causes float- 
ing particles, which are attracted by the static charge of a 
charged substance, and adhere and accumulate on its surface. 
In the age of submicron devices,, the particles which need to be 
controlled will become even smaller. Correspondingly, these 
finer particles are more sensitive to electrostatic force, and the 
problem of adhesion becomes more important. 
To solve the problem of material charging in air, Nz or Ar 
inert gas ambience, the use of ionizer and UV (Ultraviolet) 
light irradiation are effective. In air, ionizers are excellent for 
the neutralization of static charge. In this method the ions 
are usually generated by corona discharge, and these ions 
then neutralize static charge. On the other hand, in inert gas 
ambience such as N2 or Ar, the static neutralization system 
employed is UV light which ionizes the N2 and Ar molecules. 
This method is superior to the static charge neutralization 
method employing corona discharge for neutralization in inert 
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gas ambience. Additionally this method can be applied to 
reduced pressure ambience down to - lop3 Torr, 
demonstrating better neutralization capability than under at- 
mospheric pressure [3], [4]. 
In order to eliminate static charge build-up in wet chemical 
processes, the IPA (isopropyl alcohol) vapor drying method is 
the most effective [ 5 ] ,  [6]. The electrostatic charge built up 
after IPA rinsing can be completely neutralized by IPA vapor 
drying. It has been shown that the IPA vapor drying technology 
is excellent in the elimination of particulate contamination 
caused by electrostatic charge. As IPA has low surface tension 
and very large solubility in water, the water in deep trenches 
can be completely removed by IPA. Due to the excellent 
physical and chemical properties of IPA, along with the fact 
that high punty IPA is commercially available, IPA vapor 
drying method has become a key technology. IPA vapor drying 
method is characterized as follows 171-1 141: 
1)  Completely Particle Free Si Wafer after Drying 
2) No Residual Water Mark or Haze on Si Wafer 
3) Complete Elimination of Water in Deep Trenches 
4) Complete Prevention of Static Charge build up. 
Although the IPA vapor drying method is considered to 
be a very important technology for preventing static charge 
build up in wet chemical processes, the mechanism by which 
it works has not been studied sufficiently. There are only a 
few studies on the discharge mechanism and liquid charge 
phenomenon; one such study was based on electric double 
layer by Helmholts and another study was based on the 
donicity concept related to the charge of solid polymers and 
liquids [15]. 
In this study, in addition to the surface potential which was 
measured in place of static charge, a quantitative method for 
the direct measurement of static charge was adopted. We also 
observed that IPA and IPA-H2O solutions are excellent in the 
complete removal of static charge from charged substances. 
Furthermore, using a constant charging system with a parallel 
plate capacitor, the mechanism of static charge removal by 
IPA was studied. 
11. MECHANISM OF STATIC CHARGE 
REMOVAL FROM THE POLYMER 
A .  Experiment 
This experiment was carried out in a Clean Room at 
a temperature of 20 N 21"C, and a relative humidity of 
50 - 60%. Teflon-PFA (4-fluor0 ethylene-perfluoroalkoxy 
copolymer) and glass were used as charged materials. For 
the investigation of the static charge removal phenomenon 
qualitatively, the wafer carrier, container, disk of PFA, and 
0894-6507/94$04.00 0 1994 IEEE 
Authorized licensed use limited to: TOHOKU UNIVERSITY. Downloaded on March 04,2010 at 23:58:37 EST from IEEE Xplore.  Restrictions apply. 




Fig. 1. Static charge measurement principle using a Faraday cage. 
glass plate were rubbed with cotton cloth while wearing 
insulating gloves (Asahi Chemical Co. Ltd.: Bencot) to charge 
their surface. 
The IPA used in this study was Ultra Clean grade IPA 
for semiconductor manufacturing. To obtain various H20 
concentration IPA-H20 solutions UPW was added to IPA, 
and the concentration of H2O in the IPA-H20 solution was 
determined by Karl Fischer titration. 
The static charge detector used in this study applied the 
theory of the Faraday cage. When a charged sample is placed 
in an isolated conductor, its real static charge appears on the 
external surface of the conductor. By measuring this static 
charge, the charge on the sample can be detected indirectly. 
The schematic diagram and equivalent circuit are described 
in Fig. 1 .  The amount of static charge of the sample in the 
Faraday cage appears across the external capacitor Cm, by 
then measuring the voltage, V, across the capacitor with an 
electrometer, the static charge of the sample is obtained using 
the following expression. 
Q = C m . V  (1) 
where Q = The amount of static charge [Cl 
[Fl Cm = Capacitance of capacitor 
V = Potential drop across capacitor [VI. 
This detector assumes that the material (conductor, insu- 
lator) of the sample, contact condition of the sample on the 
internal surface of the Faraday cage and sample phase (gas, 
liquid or solid) do not affect charge measurement. A grounded 
external metal container is used as a shield to isolate the 
Faraday cage. 
Calibration of the static charge detector was done by the 
following method. After applying a dc voltage across capacitor 
Cm once, we measured the transition time of voltage across 
the capacitor and compared it with the calculated value. In 
general the voltage across the capacitor is calculated by ( 2 )  
as shown below. 
40 
C 
V ( t )  = -- 
where V = Potential drop 
t = Elapsed time 
yo = Initial Charge 
C = Capacitance 
R = Resistance 
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Fig. 2. Surface static charge of PFA disk. 
We calculated the theoretical time using the following 
values, qO/C = 1500 [mV], C = 0.367 [ p F ] ,  R = 1 x 10l2 
[Q]. The result of a 24 h continuous experiment agrees well 
with calculated values. This result shows that calibration of 
the detector was carried out correctly. 
The surface potential detector used in this experiment was 
either a vibrating reed electrometer (Japan Static Co. Ltd.: SV- 
73A) or a rotational sector electrometer (Shishido Static Co. 
Ltd.: Statiron TL). 
B.  The Amount of Static Charge on PFA Surface 
Next the amount of triboelectric charge is discussed. Both 
surfaces of a PFA disk (125 "4, 2 mm thick) were charged 
up by rubbing with a cotton cloth and the amount of static 
charge built up was measured using a closed type Faraday 
cage (see Fig. 2). The number of disks in the Faraday cage 
was either one or two. In the case of two disks, the amount 
of initial charge was approximately twice as much as one 
disk, indicating that the surface area was in proportion to the 
amount of charge. The amount of charge on the disk reduced 
gradually, following the attenuation characteristic of potential 
on the polymer as discussed above. 
The charge, Q ,  per unit area is calculated in this experi- 
mental system as shown below. 
(3) Q = 0.14pC/(.rr/4 x (0.1251n)~ x 2) 
= 5.7 pc/m2. 
Generally surface charge density, U ,  of an isolated charged 
substance in air is shown in (4). 
a = E x ~  (4) 
where E = Surface electric field W/mI 
[c/m21 
F/mI 
Once the surface voltage increases up to the dielectric 
breakdown value, discharge occurs. Therefore, the maximum 
value of U can be calculated as follows. 
(T = Surface charge density 
E = Dielectric constant of air 
The surface charge density observed due to triboelectric 
phenomena was below ablAX.  however, it was revealed that 
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Relat~mhip between immersion time in IPA vapor and camer Fig 3 
surface voltage 
teflon PFA can be easily charged up to high voltages by 
only slight rubbing. Theoretical calculations carried out using 
material properties indicated that further charge attenuation 
are very slow after charging. 
C. Static Charge Removal from Polymer with IPA 
1 )  Drying Principle in IPA Vapor Drying System: When a 
rinsed wafer carrier is immersed into IPA vapor (boiling point 
= 82.4OC), IPA condenses into droplets on the carrier surface 
due to its cooler temperature. These droplets grow into bigger 
droplets by mixing with water on the wafer carrier; finally 
the droplet falls from the surface due to gravity. Condensation 
stops when the surface temperature of the carrier rises to the 
temperature of the IPA vapor; at this point the carrier surface 
is “dry.” Additionally it has been demonstrated that carrier 
surface chargc is almost 0 V after the above treatment [16]. 
2) IPA Condensation on PIC4 Surface and Charge Removal: 
First, we investigated at which stage the static charge was 
removed by IPA vapor during the drying process. 
Fig. 3 shows the relationship between immersed time in IPA 
vapor and charge potential of PFA carrier. The open circles (0) 
represent the case where the PFA carrier surface temperature 
is at room temperature and thte filled circles ( 0 )  represent when 
the surface temperature is above 100°C. In order to raise 
the carrier temperature the camer was heated in an electric 
oven for 30 min at 100°C above the boiling point of IPA. In 
both cases, when the surface was rubbed with cotton cloth the 
static charge rose up to around -26 kV. These results indicate 
that the surface temperature does not affect charge potential 
build up itself. These charged carriers were then immediately 
immersed into IPA vapor and the drop in surface potential over 
time was measured in both cases. 
In the case of the room temperature carrier, 10 s after 
immersion of carrier, the carrier surface potential reduced to 
around 0 V and remained level after that. It was observed 
that about 2 s after immersion of the room temperature carrier 
into IPA vapor, condensed IPA drops on carrier surface joined 
together and started to drip from the carrier. We have shown 
that charge removal speed is very high with IPA liquid and 
that charged potential decreaised rapidly just after an IPA drop 
falls from the surface. 
When the pre-heated carrier was immersed into IPA vapor 
under these conditions phase change of IPA vapor to IPA 
drops never occurred. Indeed no condensation of IPA was 
observed over the length of this experiment. As opposed to 
the room temperature case where the charge was removed in 
about 10 s after immersion into IPA vapor, the potential of 
the heated carrier remained at the initial level of -26 kV even 
after immersion into IPA vapor. This clearly indicates that IPA 
vapor has no ability to remove static charge. 
Furthermore, A represents the results obtained when several 
ml IPA liquid were sprayed on the pre-heated charged carrier 
in IPA vapor. After this treatment, the carrier potential was 
dramatically reduced to -2 kV. The above result indicates 
that IPA liquid is very important in removing static charge 
from a charged camer. 
The residual charge left after spraying with IPA liquid is 
because the area contacted with IPA liquid is not the same as 
with vapor immersion. In other words, the IPA spray method 
results in only partial contact between IPA liquid and carrier 
surface, whereas in the IPA vapor method IPA condensation 
occurs on the whole surface of the carrier uniformly. Refer to 
the following section for further details; only on the surface 
which contacts with IPA liquid does charge transfers occur; 
therefore, in noncontact area there is no removal of charge. 
The above mentioned PFA materials were negatively 
charged, Next we will discuss positively charged materials. 
A pyrex glass plate (200 mm x 200 mm x 10 mm thick) 
was rubbed to charge up to +2.1 N f4.5 kV. After 10 min 
of immersion in IPA vapor, the surface potential of the pyrex 
glass became around 0 V. Therefore we have demonstrated 
that IPA liquid has the ability to eliminate both negative and 
positive static charge. 
From the above results, we can draw the following four 
qualitative observations. 
1)  Static charge is not removed from charged polymer by 
contact with IPA vapor only. 
2) After concentration of IPA vapor on polymer surface and 
continuous separation of IPA drop from polymer, static 
charge can be eliminated. That is to say, IPA liquid plays 
an important role in static charge removal. 
3 )  Removal time of charge from polymer is relatively short 
using IPA vapor drying method. Charge removal speed 
appears to be very high. 
4) IPA vapor drying has excellent properties for the re- 
moval of both negative and positive charges. 
111. STATIC CHARGE REMOVAL 
MECHANISM FROM GENERAL MATERIAL 
A. Constant Charging System 
Generally speaking the constant charging of a liquid is 
difficult, conventionally an easily charged substance is rubbed 
with leather and resultant charge is transferred to the liquid 
by contact. Using this method, it is difficult to control the 
amount of charge transferred and its polarity reproducibly. 
Therefore we have developed a new constant charging system. 
The schematic diagram for this constant charging system is 
shown in Fig. 4. The charging system is basically composed 
of two 150 mm x 200 mm aluminum electrodes fixed at a 
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Fig. 4. Schematic diagram of constant charging system. 
distance of 1.8 mm, thus making a parallel plate capacitor. 
This apparatus is mounted on an insulator and a dc supply 
is applied between the two electrodes. By dripping discharged 
IPA liquid onto the lower electrode, it is possible to charge the 
IPA liquid. The amount of charge is adjusted by varying the dc 
voltage and charge polarization is controlled by polarization 
(+. -) of the dc supply. The complete apparatus, therefore is 
comprised of an IPA supply system, constant charging system, 
and a charge measurement system. All parts of this system 
which come into contact with IPA liquid are under an inert 
gas (Nz) atmosphere. 
Using this system, the amount of charge and charge po- 
larization were able to be controlled easily and reproducibly. 
Additionally it was confirmed that, in the case of the changing 
dc supply polarization, the absolute value of charge gener- 
ated was same (IPA can be charged the same amount both 
negatively and positively simply by switching the polarity). 
B.  Charge Remota1 Characteristics of IPA 
I )  Charge Removal Capability of IPA Vapor: Although it 
was demonstrated qualitatively that IPA vapor itself is not 
able to eliminate static charge while condensed IPA has 
excellent charge removal capability, in this section we attempt 
to reassess this fact quantitatively. 
The experimental procedure used is as follows. About 10 
ml of charged IPA liquid was poured into the Faraday cage, 
after the IPA liquid was vaporized using an IR lamp and the 
transition of charge was recorded as function of time. If the 
total charge decreases as the IPA liquid vaporizes then IPA 
vapor has charge removal capability. On the other hand, if 
the charge in the Faraday cage remains constant in spite of 
vaporization, then IPA vapor has no ability of charge removal. 
In Fig. 5 the experimental results are shown. The experi- 
ment was carried out three times under various lamp locations 
and various amounts of charge in the IPA. The horizontal axis 
represents elapsed time of lamp irradiation, while the vertical 
axis represents the potential drop across the capacitor which 
is equivalent to the amount of charge in the Faraday cage. 
Although the line is terminated past 10 min, these points 
represent complete vaporization time. Fig. 5 shows that initial 
charge does not decrease, thus we can say that IPA vapor has 
no capability to remove static charge. 
TRANSITION OF ELECTRIC CHARGE 
IN VAPORIZATION 
c 1 
REMOVED CHARGE vs. VOLTAGE ACROSS THE CAPACITOR 
VOLTAGE M 
Fig. 6. 
IPA liquid (in Nz gas). 
Voltage of charged substance and static charge removal capability of 
2 )  Voltage of Charged Substance and Static Charge Removal 
Capability of IPA Liquid (in N2 Gas): We researched the 
relationship between charged voltage and charge removal 
capability of IPA liquid. It is generally believed that with 
an increase in charged voltage, the charge removal capability 
also rises for a constant volume of IPA. This belief was 
investigated experimentally by applying various voltage across 
the capacitor. 
In this study the apparatus shown in Fig. 4 was used. By 
applying a dc supply from 0 V to 3000 V the amount of 
charge removal per gram of IPA was measured. Dimensions 
of the capacitor were 150 mm x 200 mm x 1.8 mm distance. 
The results of this study are shown in Fig. 6. From 0 V to 
3000 V voltage the applied voltage across the capacitor was 
in directly proportional to the amount of charge removed per 
gram of IPA as shown below. 
Q = 5.67 x [pC/yV]. ( 5 )  
C. Static Charge Removal and Resistivity 
in IPA-HzO Binary System 
1 )  Static Charge Removal in IPA-HzO Binary System: In the 
IPA vapor drying process, there is some possibility of water 
carry-over from previous processes by the wafer carrier and 
even the wafer itself. Therefore charge removal characteristics 
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binary system. 
Relationship between H 2 0  concentration and resistivity in IPA-HzO 
of IPA solutions containing water and only water, should be 
investigated. 
The static charge removal characteristics of the binary IPA- 
H20 system were examined using the apparatus shown in 
Fig. 4. The H20 concentration in IPA was measured using Karl 
Fischer titration for low H2O concentration (under O.l%), and 
gas chromatography was used in the case of high H2O level. 
These experiments were carried out under a N2 gas ambience. 
In the low H20 concentration area (horizontal axis repre- 
sents H2O concentration [ppmi]), charge removal characteris- 
tics results are shown in Fig. 7. This graph shows that from 
0%) to 80% H2O concentration, IPA solutions have excellent 
static charge removal characteristics. 
2) H20 Concentration and Resistivity in IPA-H20 Binary 
System: In the case of UPW addition into high purity IPA 
for semiconductor industry, the relationship between moisture 
concentration and resistivity of IPA solution is described in 
Fig. 8. Resistivity of IPA was measured after addition of UPW 
with a resistivity of 18.2 MR . c;m. Fig. 8 shows the results 
obtained in both the open and closed systems. The closed 
system experiment was carried out in a N2 gas ambient. In both 
systems, the resistivity decreased rapidly with the increase in 
H20 concentration. 
Comparing the two results we can see that the resistivity 
value in the closed system was one order of magnitude higher 
than that in the open system. The resistivity of IPA itself was 
measured at 5 . 4 ~  10"' R a n  in the closed system. This value is 
much smaller than that for hydrocarbons N It  "1) 
I PARALLEL PLATE CAPACITOR I 
SUPPLY 
DRAIN VALVE 
Fig. 9. Schematic diagram of constant charging system for IPA liquid. 
[ 171, therefore charge leak speed is slow through IPA liquid 
indicating that IPA is hard to charge up. 
Finally, in this study it was demonstrated that the resistivity 
of IPA-H20 solution did not affect charge removal capability. 
D. Charge Transfer Characteristic to IPA 
1 )  E.xperimenta1 Apparatus: In a N2 gas ambient, there are 
always uncontrollable factors in the measurement system such 
as the contact condition of the IPA liquid with the electrode, 
contact time and so on. Therefore, a one electrode insulated 
capacitor (coated by epoxy resin) was employed, additionally 
the whole apparatus was immersed into IPA liquid and the 
charge transfer characteristics were studied. A5 the insulator 
used in this system was made of a polymer resin, the system 
applied voltage was controlled under 30 V in order to prevent 
leak current (see Fig. 9). 
2) Charge Transfer Characteristic in IPA Liquid: As well 
as charge removal characteristics in a N2 gas ambient, charge 
transfer characteristics from a charged capacitor to the IPA 
liquid were examined at various applied voltages. 
Using the apparatus displayed in Fig. 9, after charging up 
the capacitor, IPA liquid was drained through bottom valve 
and introduced into a Faraday cage below and its charge was 
measured. Before starting the experiment the IPA liquid in 
the tray was discharged by grounding. A voltage in the range 
from 0 V to 30 V was then applied, and so as to stabilize the 
amount of charge in the tray an auxiliary capacitor of 0.47 pF 
was installed. 
Charge transfer characteristic for IPA liquid is shown in 
Fig. IO. The horizontal axis represents applied voltage and 
the vertical axis represents the amount of charge transfer to 
IPA liquid. As we found in the N2 gas phase experiment, 
applied voltage was directly proportional to the amount of 
charge transfer. However. at the same voltage the amount of 
charge transfer in IPA liquid was 40 times as large as in a 
Nz gas ambience. This may be due to the fact that the space 
between the two electrodes is now filled with IPA liquid which 
has a high dielectric constant, therefore charge density on the 
electrode becomes larger. 
3) Surface Charge Density and Charge Transfer to IPA 
Liquid: Surface charge density and charge transfer to IPA 
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Fig. 11 .  Surface charge density and charge transfer to IPA liquid. 
liquid is discussed. In the two cases, where the capacitor 
was fixed in a N2 gas ambience, and where there was IPA 
liquid, the relationship between surface charge density on 
capacitor’s electrode and the amount of charge transfer to IPA 
was measured. The result is shown in Fig. 11. The amount 
of charge transfer to IPA seems to be in proportion to charge 
density on charged substance. 
Iv. RESULT AND DISCUSSION 
1 )  A Faraday cage was constructed and the development 
of a constant charging system has been accomplished. 
Using this apparatus, quantitative measurement of static 
charge has been successfully carried out. 
2) It was revealed that IPA vapor does not have the ability 
to remove static charge ‘from a charged substance. 
3) IPA liquid was able to remove both positive and negative 
static charges equally well. 
4) The amount of charge transfer from a parallel plate 
capacitor in both N2 gas and in IPA liquid, to the IPA 
liquid was proportional to the surface charge density. 
5) In IPA-HpO binary system, charge removal capability 
was maintained over a wide range of moisture concen- 
tration. However, when the water concentration was over 
80%, its capability decreased rapidly. 
6) Static charge transferred from the charged substance to 
the IPA liquid quickly. 
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